Many functions in the nervous system depend on neural morphological changes including the cell polarity and neurite outgrowth and propagation of action potentials through networks of neuron-neuron and neuron-glia. Previous studies demonstrated that these associations are necessary for small GTPases activation in neurons. Especially, it is well known that small GTPases play a key role in neurite outgrowth, which is one of the most important events in neuronal development. Recent studies also have identified and characterized that molecular mechanisms of membrane trafficking and actin cytoskeleton formation/reorganization in migrating cells mediated by ADP-ribosylation factor 6 (Arf6) and its regulator cytohesin-2 are required for cell migration and neurite outgrowth. However, it have not completely established yet whether Arf6 activation is necessary or not in molecular mechanisms of neurite outgrowth. Our recent studies first identified and characterized that the previous unknown functional coiled-coil containing protein 120 (CCDC120) binds to cytohesin-2 and coordinately regulates neurite outgrowth in neuronal cells. This review summarizes the process that has been made in our understanding about the necessity of Arf6 activation in neurite outgrowth and the signaling transduction including cytohesin-2-CCDC120 complex in neuronal cells.
INTRODUCTION
In the developing nervous system, neuronal cells continuously change their morphology and undergo neurite outgrowth, axon branching, axon navigation, and synaptogenesis to form neural networks (Craig and Banker 1994 , da Silva and Dotti 2002 , Gallo 2011 . In particularly, it is well established that neurite outgrowth is mediated by a complicated process and involves various dynamic molecular mechanisms (Mattila and Lappalainen 2008) . Increasing studies demonstrated that a number small GTPases, including members of the Ras, Rho (Govek et al. 2005) , Arf (Sabe 2003, D'Souza-Schorey and Chavrier 2006) , Arf-like (Arl) (Burd et al. 2004 , Kahn et al. 2006 , and Rab (Stenmark 2009 , Yap and Winckler 2012 , Villarroel-Campos et al. 2014 ) GTPase families regulate actin cytoskeleton formation/reorganization, membrane trafficking, or neuronal vesicle's axonal transport. These intracellular morphological changes contribute to neurite outgrowth, dendritic spine formation, or neuronal migration as subsequent neural functions, respectively.
Membrane proteins accumulate on surface of cell soma, growth cone, dendrite spine, and axonal surface in neurons. Theses signal molecules localizations are required for transport mediated by motor proteins such as kinesin superfamily protein (KIF) (Hirokawa 1997 , Miki et al. 2001 , Hancock et al. 2014 , dynein (Hancock et al. 2014) , Rab (Villarroel-Campos et al. 2014) , and Arf families (Donaldson 2003 , D'Souza-Schorey and Chavrier 2006 , Kahn et al. 2006 . Especially, many studies focus on Rab and Arf families, which control membrane/vesicle trafficking among intracellular regions (plasma membrane, endosomes, trans Golgi network (TGN), or endoplasmic reticulum (ER) in cells, respectively (Stenmark 2009 ). In addition, it was cleared that the crosstalk between multiple GTPases (Arfs-Rabs (Chesneau et al. 2012 , Kobayashi et al. 2014a , Pelletán et al. 2015 or Rabs-Rabs (Yamamoto et al. 2010 , Kobayashi et al. 2014b ) in a signaling pathway is responsible for membrane trafficking, vesicle neurite outgrowth, or cell differentiation. For example, Rab protein associates with activation of Arf protein and regulate actin remodeling endocytic regulation, ligand-specific endocytic regulation, and endosomal regulation of cell adhesion molecule processing and trafficking (Stenmark 2009 ). Recent study also demonstrates that recycling endosome or late endosome translocation also plays important role for neurite outgrowth in neurons. The repeated ER-endosome contact that is mediated by Rab7 accelerate neurite outgrowth (Raiborg et al. 2015) . Collectively, these associations with small GTPases Rho family, Rab family, or Arf family regulate various neural functions in the nervous systems, respectively.
Although signal transduction pathway through Arf6-cytohesin-2 in migrating cells has been established as previous studies, it's neural function remains poorly understood. We have demonstrated that cytohesin-2 and its binding partner coordinately regulates acting through Arf6, neurite outgrowth (Yamauchi et al. 2009 . In this review, we consider how neurite outgrowth is influenced by Arf6 activation and also whether the complex formation between cytohesin-2 and a new cytohesin-2 binding partner CCDC120 associate with neurite outgrowth in neuronal cells.
Roles of Arf6 GTPase in alteration of cellular morphology and cell migration
Arf6 is a member of the 3 Copyright 2015 KEI Journals. All Rights Reserved ADP-ribosylation factor of GTP-binding proteins. Mammalian Arf family consists of three classes (class I (Arf1 and Arf2 and/or Arf3), class II (Arf4 and Arf5), and class III (Arf6)). Especially, Arf6 also regulate actin cytoskeleton dynamics, membrane trafficking, endocytosis and recycling of membrane proteins in the cells (Donaldson 2003 , Sabe 2003 , D'Souza-Schorey and Chavrier 2006 , Kahn et al. 2006 and in the nervous system (Jaworski 2007) . Arfs as well as Ras and Rho GTPases also acts as molecular switches that are active when bound to GTP and are inactive when bound to GDP. The biological switching is regulated by Arf6 specific guanine nucleotide exchange factors (GEFs) and GTPase-activating proteins (GAPs), strictly control the Arf6 guanine nucleotide-binding state and necessary for various physiological phenomena. Arf6 GEFs also define the strength and/or the cellular compartment to activate Arf6 by integrating the upstream signals.
Activated GTP-bound form Arf6 regulates phospholipase D (PLD), phosphatidylinositol 4-phosphate 5-kinase (PIP5K), and Rac1 [Figure 1B Casanova 2001, Palacios and D'Souza-Schorey 2003) ]. Especially, it has been understood that Arf6-mediated Rac activation regulates cell migration and forms lamellipodia at the leading edge in non-neuronal cells (Santy and Casanova 2001 Palacios and D'Souza-Schorey 2003) . Also, activated Arf6 controls the localization of cdc42 and subsequent signal regulates cell polarity in glial cells (Osmani et al. 2010 , Jayaram et al. 2011 . Collectively, activated Arf6 promotes actin formation and remodeling, thereby Arf6 plays an important role in cell morphology, cell migration, and membrane trafficking in non-neuronal cells through various intracellular signal molecules ( Figure 1B ). Since Arf6 controls Rac1 and/or cdc42 activation also regulates actin dynamic during cell migration as previous studies, we assume that activated Arf6 may regulate activation of downstream effector small GTPases and neurite outgrowth in the same manner, respectively.
Switching Arf6 signal through Arf6GEF and Arf6GAP controls cell motility and membrane trafficking
Accumulating evidences demonstrated that Arf6GEF regulates Arf6 activation and its downstream effectors control activity of various intracellular signal molecules during cell migration ( Figure 1B ) (Santy and Casanova 2001 , Palacios and D'Souza-Schorey 2003 , Torii et al. 2010 . In particular, it is well known that Arf6GEF cytohesin-1 and cytohesin-2 control cell migration. Also, cytohesin-2 mediated Arf6 activation promotes the recruitment of complex containing Rac-GEF Dock180 and engulfment and cell motility (ELMO) to the leading edge of migrating cells, cytohesin-2/Arf6 signal unit is necessary for Rac mediated cytoskeleton organization as an example (Santy et al. 2005) . In addition, the other Arf6-GEF EFA6A (Pleckstrin and Sec7 domain protein) regulates human glioma cells migration and invasion, acting through Arf6-mediated extracellular signal-related kinase (ERK) signaling cascade (Li et al. 2006) . Based on these findings, Arf6 positive regulator ArfGEF significantly dramatically promotes cell migration via formation of actin cytoskeleton or phosphorylation of MEK/ERK signaling cascade (Tague et al. 2004) . Thus, the activation of Arf6GEF contributes to membrane trafficking and cell motility.
On the other hands, Arf6 GTPase-activating protein (GAP), which mainly acts as negative regulator for Arf6, also regulates cell adhesion (Chen et al. 2013) , cell migration, membrane traffic, and actin dynamics (de Curtis 2001). Arf-GAP family GIT interacts with paxillin and -PIX. The protein also stably forms the complex containing p21-activated kinase (PAK), PAK interacting exchange factor (PIX), and paxillin during cell migration. The PAK-PIX-ArfGAP-paxillin complex is transported from endosome to focal adhesion region at leading edge and participates in formation of focal complex during cell migration , Brown et al. 2005 , Za et al. 2006 and neurite outgrowth (Albertinazzi et al. 2003) .
Taken together, both of these enzyme activities are necessary for cell migration through endosomal trafficking systems. Thus, it was confirmed that switching of Arf6 activation through Arf6GEF/Arf6GAP promotes membrane trafficking and recycling of plasma membrane receptor and adhesion molecules (particularly paxillin and integrin) during cell migration.
Arf6-GEF cytohesin-2 as activator for Arf6 regulate actin dynamics
Cytohesins (also called pleckstrin homology, Sec7 and coiled-coil domains (PSCDs)) are a family of GEF 5 Copyright 2015 KEI Journals. All Rights Reserved for ARFs that belong to the family of Ras-like small GTPases. All cytohesins are composed of the N-terminal coiledcoil (CC) domain, the catalytic Sec7 domain, the pleckstrin homology domain, and basic amino acids rich region ( Figure  1A ). The cytohesin family includes cytohesin-1, cytohesin-2/ARNO, cytohesin-3/Grp1, and cytohesin-4 play important roles in regulation of cytoskeletal dynamics by controlling ARFs' activities. Among them, it is well known and demonstrated that cytohesin-2 specific activates Arf6 and/or Arf1 in vitro or in vivo during cell migration . Since activated Arf6 promotes small GTPase Rac1 activation in cell migration Arf6 activator cytohesin-2 controls cell migration and actin cytoskeleton organization (Santy and Casanova 2001 , Palacios and D'Souza-Schorey 2003 , Santy et al. 2005 . A positive regulator for Arf6 cytohesin-2 is widely known as key molecule of signal transduction in migrating cells as described above, however, it has not still has been established role for Arf6 activation in neurite outgrowth and characterized its molecular mechanisms particularly upstream molecular mechanisms of cytohesin-2/Arf6 signal unit in in neurons. However, our recent reports described that cytohesin-2 regulates not only cell migration, but also neurite outgrowth in N1E-115 cells (Yamauchi et al. 2009 ).
Cytohesin-2 binding proteins
Much research has identified cytohesin-2 binding proteins and demonstrated some of the specific effects of the interaction between cytohesin-2 and its binding proteins in recent years ( Figure  1A ). For example, cytohesin-associated scaffold protein (CASP)/Cybr/cytohesin-interacting protein (CYTIP) (Mansour et al. 2002 , Tang et al. 2002 , Boehm et al. 2003 , interaction protein for cytohesin exchange factor (IPCEF)/KIAA0403 (Venkateswarlu 2003) , RLIP76/RalBP1 (Lee et al. 2014) , ADP-ribosylation factor-like protein 4D (Arl4D) (Hofmann et al. 2007 , Li et al. 2007 ), paxillin (Torii et al. 2010) , actinin-1 and CCDC120 ) are known as cytohesin interacting protein.
The interaction between cytohesin-2 and these proteins also promote cytohesin's GEF activity for Arf6 and actin remodeling, cell migration, and PIP5K through Rac GTPase activation ( Figure  1B) . In neuronal cells, these activated Arf6 mediated at least two signaling transduction pathways may regulate neurite outgrowth during development. Because cytohesin-2 activity is regulated by complex formation, it may be important to identify and clear the function of Arf6GEF binding partner.
Cytohesin-2 mediated Arf6 activation is necessary for neurite outgrowth
It is well known that cytohesin-2 express in multiple tissues or cells. Our immunofluorescence images using anti-cytohesin-2 antibody, which recognize C-terminal region of cytohesin-2, revealed the expression levels of cytohesin-2 is relatively high in mouse neuroblastoma N1E-115 cells , DRG neuron, and the others subtype neurons in embryonic day 12.5 (E12.5) mouse. In addition, cytohesin-2 also specifically localizes at growing neurite tips in N1E-115 cells at 24 hours after differentiation induction or growth cone like structures or neurite shafts of N1E-115 cells at 48 hours after differentiation induction. Moreover our previous study demonstrated that cytohesin-2 controls Arf6 activation and neurite outgrowth using specific inhibitor 6 Copyright 2015 KEI Journals. All Rights Reserved of cytohesin family SecinH3 (Fuss et al. 2006 , Hafner et al. 2006 or cytohesin-2 siRNA, significantly suppress neurite outgrowth in N1E-115 cells . Taken together, activated Arf6 and its downstream signal transduction molecules play an important role in neurite outgrowth.
On the other hands, Fluorescence resonance energy transfer (FRET) analysis using Arf6-CyPET and YPET-Golgi-localized γ-ear containing, Arf-binding protein 3 (GGA3), which specific binds to activated Arf proteins (Boman et al. 2000 , DellAngelica et al. 2000 , designed by Hall et al. (Hall et al. 2008 ) reveals that activated Arf6 localized at subcellular regions and basal region of growth cones in neuronal cells ). In addition, FRET live-imaging data exhibits inhibitory effect of cytohesin-2 using SecinH3 dramatically decreased Arf6 activation at plasma membrane. Importantly, the images did not reveal the inhibitory effect at basal region of growth cone (central domain) in neuronal cells. These results indicated that cytohesin-2-Arf6 signal unit mainly is activated at plasma membrane or peripheral domain of growth cone in neurons during development.
Similarly, previous studies described a sec7 domain-containing exchange factor for Arf6 (EFA6A), which is composed by three domains the coiled-coil region, the catalytic Sec7 domain, and the PH domain, controls membrane recycling and actin cytoskeleton organization (Franco et al. 1999 , Derrien et al. 2002 , Sakagami et al. 2007 ). Overexpression of EFA6A promotes neurite outgrowth and controls spine formation mature neuron (Fukaya et al. 2014) . Taken together, Arf-GEF dependent Arf6 activation results in cellular morphological changes acting through actin cytoskeleton remodeling and membrane trafficking in neurons as well as in non-neuronal cells.
Prospective of role for activated Arf6 through cytohesin-2 in neurite outgrowth
So far we have discussed Arf6-cytohesin-2 signaling pathway contributes to multiple aspects of neurite outgrowth mediated by actin cytoskeleton organization in neurons. In addition to that, Ar6 also controls exocytosis from recycle endosome or early endosome to plasma membrane in cells (Balasubramanian et al. 2007) .
Similarly, recent study demonstrated that Arf6 and its effector PDL2 controls exocytosis of syntenin-1, which interacts with Arf6 and involved in endosomal vesicles and production of exosome (Ghossoub et al. 2014 ). Since syntenin-1 also interacts with syndecan-4 or Frizzled (Wawrzak et al. 2009 ), that contribute cell adhesion and cell migration, Arf6 mediated signal pathways including the complexes are necessary for cell migration.
Collectively, Arf6-mediated exocytosis manner is important for promoting cell migration, cell adhesion, formation of tight junction. The signaling pathways may be important for neuronal function such as neurite outgrowth in neurons as well as in nonneuronal cells. The mechanism has still not well established yet in neurons, however, technological development of live-imaging or high-resolution microscopy may help us to clear these mechanisms.
Interestingly, Yamauchi et al. also demonstrated that the expression levels of cytohesin-2 and Arl4D are upregulated by valproic acid treatment, that is used as anticonvulsant and mood-stabilizing drug, may coordinately promotes, acting through Arf6, neurite outgrowth via remodeling of the actin cytoskeleton in N1E-115 cells (Yamauchi et al. 2009 ). The result may be possible to 7 Copyright 2015 KEI Journals. All Rights Reserved think that cytohesin-2 is a candidate for target of drug, which impair neuronal diseases or causes neuronal regeneration after nerve injury with disruption of the neuronal axon.
Coiled-coil containing protein 120 (CCDC120)
CCDC120 does not contain a catalytic domain or a structurally conserved protein domain as far as we can predict. CCDC120 belongs to the CCDC family and composes at least three coiled-coil domains according to protein structural prediction analysis. Other functional regions or catalytic domain in CCDC120 are still not identified.
Figure 2.
The hypothesis models for the regulation of cytohesin-2's transport in neurons. Cytohesin-2 is able to colocalize with CCDC120 in neurite shaft and growth cones of neuron via its CC domain and the interaction with CC domain of CCDC120. The complex of cytohesin-2 and CCDC120 may accumulate at early endosome and/or recycling endosome in neurite shaft and growth cone of neurons. When GEF activity is elevated, activated Arf6 promotes translocation of neural vesicle including Rac1, cdc42, or cell adhesion molecule from endosome to plasma membrane. These cytohesin-2 induced localization contribute to neurite outgrowth through small GTPases depend actin cytoskeleton formation and reorganization during development.comprehensive yeast two-hybrid analysis (Rual et al. 2005) , however the interaction has not been confirmed yet.
Taken together with prediction analyses and our data suggest that CCDC120 may be a scaffold protein interacts with multiple members of a signaling pathway. Since reduction of CCDC120 by siRNA treatment causes neurite outgrowth defects and promotes formation of short multiple neurite in neuronal cells, we first demonstrated CCDC120 participates in neurite outgrowth ). The result implicates CCDC120 signal pathway contains processes of neurite outgrowth in neurons.
CCDC120 as transporter of cytohesin-2
During neural development, membrane, cytoskeletal, and signaling molecule components are continuously transported along growing neuritis in neurons. Importantly, the large part of vesicles containing CCDC120 reveals immobile, however, approximately 20% CCDC120 positive vesicles move along neurite from cell soma to cell peripheral 8 Copyright 2015 KEI Journals. All Rights Reserved (anterograde transport) or from cell peripheral to cell soma (retrograde transport) in neuronal cells (Figure 2) . Also, CCDC120-cytohesin-2 complex is not colocalized with the vesicle-associated membrane protein 2 (VAMP2)/synaptobrevin 2, VAMP4, VAMP7, Rab8b, or Rab11 at axonal shafts and growth cones. So far, we have not identified the neuronal vesicles containing CCDC120 and cytohesin-2 in neurons yet. In addition, CCDC120 deletion mutant (CCDC120ΔCC1), which loss cytohesin-2 binding domain (CC1 domain), does not have ability of the recruitment of cytohesin-2 to CCDC120 containing vesicles but does not disrupt neuronal vesicle localization, significantly inhibits neurite outgrowth. Based on these findings, we assume that CCDC120 mediates transport of cytohesin-2 along neurite to facilitate neurite outgrowth. Our report first demonstrated that CCDC120 is responsible for transport of cytohesin-2 along neurite or recruitment of cytohesin-2 to neuronal vesicles .
Similarly, previous studies demonstrated that a specific GEF of Rab21 Vps9 domain and ankyrin-repeat-containing protein (Varp) is interacts with VAMP7 and sequential axonal transport of vesicles containing the complex mediates neurite outgrowth (Burgo et al. 2009 ). Taken together, it is certain that small GTPase GEF transports such as retrograde transport or anterograde transport are necessary for neurite outgrowth in neurons.
On the other hands, previous studies showed that cytohesin-2-binding protein Arl4D (Hofmann et al. 2007 , Li et al. 2007 , which is a member of the ADP-ribosylation factor family of GTP-binding proteins and also phosphorylation of cytohesin-2 at 392 serine residue (S392) by protein kinase C (PKC) controls cytohesin-2's localization at plasma membrane in cells (Santy et al. 1999) . Moreover, it is known that activated Arf6 binds to PH domain of cytohesin-2 and Grp1 and subsequently recruits cytohesin-2 to plasma membrane (Cohen et al. 2007) . Taken together, C-terminal polybasic region and PH domain of cytohesin-2 are responsible for its intracellular distribution. To clear the mechanisms of cytohesin-2's translocation in neurons may lead us to an understanding of essential role for Arf6 signal transduction pathways in neurite outgrowth.
Post-translational modification of CCDC120 2.2.1 Phosphorylation of CCDC120
CCDC120 localizes at neural vesicles-like structure in growing tips of neurite and mature neurite shafts . Jungmichel et al also demonstrated that CCDC120 is transported from intracellular region to plasma membrane by Platelet-Derived Growth Factor (PDGF) stimulation through Akt (also known as Protein kinase B (PKB))-mediated serine/threonine phosphorylation in non-neuronal cells ( Figure  3A ) (Jungmichel et al. 2014) . It is still largely unknown whether the phosphorylation of CCDC120 is necessary for its axonal transport along neurites or switches signal transduction pathways in neurons. The serine/threonine phosphorylation of CCDC120 may also play a role in interaction with cyothesin-2 or other signal molecules and control neurite outgrowth. Thus, it will be interesting to identify the phosphorylation site of CCDC120 to demonstrate the effects of neuronal function. Phosphorylation and ubiquitination of CCDC120 may serve cellular processes in cells. (A) CCDC120 is phosphorylated by Akt and the phosphorylation regulates its intracellular transport. (B) CCDC120 is also ubiquitylated and the modified CCDC120 is degradated subsequently. The proteolysis of CCDC120 is suppressed by complex formation between CCDC120 and cytohesin-2.
Ubiquitination of CCDC120
Most of biological processes rely on functional protein modules in various cases. Post-translational modifications (PTMs) of proteins such as phosphorylation, acetylation, glycosylation, methylation, ubiquitination (Clague and Urbé 2010) , and sumoylation represent an important level of cellular control and regulate their cellular distribution. It is also known that ubiquitination signal transduction molecules regulates neurite outgrowth (Hamilton and Zito 2013) . Importantly, the poly-ubiqutination of CCDC120 and subsequent its degradation was observed.
It is therefore that the ubiquitin-proteosome system mediates CCDC120 degradation. However, the proteolysis of CCDC120 through ubiquitin-proteosome pathway is inhibited by the complex formation between cytohesin-2 and CCDC120 as shown in Figure 3B . The findings suggest that the complex formation between CCDC120 and cytohesin-2 may regulate a stabilization of CCDC120 or block proteolysis in ubiqutination-dependent manner. The ubiquitination of CCDC120 also may paly an important role in its axonal transport in neurons. The clarification of role for CCDC120's post-translational modification in neurons provides understanding of its neuronal function.
Prospective of role for CCDC120 in neurite outgrowth
We characterized CCDC120 also accumulates neuronal vesicles. In addition, CCDC120 were as cytohesin-2 activator and/or transporter. CCDC120 deletion mutant significantly disrupts neuronal vesicle localization and inhibits neurite outgrowth in neuronal cells . Moreover, CCDC120 positive vesicles also include activated Arf6. We hypothesize that the activated Arf6 regulates transport of vesicles containing small GTPases and/or cell adhesion molecules from recycling endosomes to the cortical region of the cells (Figure 2 ). Neuronal vesicles containing CCDC120 is still not identified and characterized completely yet. In order to gain deeply understanding, studies to identify CCDC120 binding protein using affinity chromatography and co-immunostaining using various neuronal vesicle markers may be needed.
CONCLUSIONS
Based on our studies (Torii et al. 10 Copyright 2015 KEI Journals. All Rights Reserved 2012 , cytohesin-2 was demonstrated as positive regulator of neurite outgrowth and an unknown function CCDC120 was first characterized as cytohesin-2's transporter and/or activator . In this review, we will emphasize that cytohesin-2-Arf6-CCDC120 complex signal unit is necessary for neurite outgrowth and CCDC120 also controls recruitment cytohesn-2 to neuronal vesicles during neuronal development. Also, activated Arf6 by cytohesin-2-CCDC120 complex formation may play an important role in Rac activation or recruitment of Rac to plasma membrane, regulates neurite outgrowth. The Further understanding of the multistep processes through signal pathways including CCDC120 in neurite outgrowth will provide additional insight into how upstream signal protein of cytoohesin-2 may affect Arf6 activation and subsequent neurite outgrowth through Rac. Although the paramount importance of Arf6/cytohesin-2 signaling pathways in neurite outgrowth, many fundamental questions remain unresolved.
Although some studies have been in vitro, data collected from in vivo studies still needs to understand of a new signalsome containing cytohesin-2 and CCDC120 in physiological systems. Therefore, more research using knockout mouse and transgenic mouse of these proteins is needed to determine exact neuronal function of cytohesin-2. As described above, cytohesin-2 expresses in various cells and tissues, however, the expression levels of cytohesin-2 in neuron relatively higher than other cells in central nervous systems and peripheral nervous systems. Using neuron specific promoter regulated cytohesin-2 conditional knockout mice (cKO) or CCDC120 cKO mice, roles of cytohesin-2-Arf6 signal in neurons may be cleared in the near future. These mice may exhibit disruption of axon pathfinding (axon guidance), branching, or neuron-neuron network. Moreover, the disruption of neurite outgrowth by loss of cytohesin-2 may be able to be partially rescued by overexpression of cytohesin-2 using in utero electroporation or crossing with transgenic mice expressing cytohesin-2 wild type.
Finally, we and others recently demonstrated physiological roles for Arf6 in myelination using knockout mice of Arf6 (Akiyama et al. 2014 ) and Arf6GEF , Torii et al. 2015 . Conditional knockout mice of cytohesin-2, which is controlled by the major myelin marker myelin protein zero (MPZ), were generated recently. Previous our study demonstrated that the cytohesin-2 knockout mice exhibit hypomyelination in peripheral nervous systems (Torii et al. 2015) . Moreover, a transgenic mouse expressing microRNA adapted short hairpin RNA (shRNA-mir) of Arf6 under the control of the MPZ promoter also reveals hypomyelination in peripheral nervous systems ). These studies may help contribute to the discovery of future therapies for patients with Charcot-Marie-Tooth (CMT) disease, is inherited peripheral neuropathy or decrease the thickness of myelin. Thus, it is clearly that the other cytohesin family protein cytohesin-1, is a GEF for Arf6, also controls myelin thickness . Continued investing into unresolved issues of cytohesin family has the potential to identify targets for the therapeutic manipulation of neurite outgrowth or myelination in disease states. 
